Studies of interstitial waters obtained from DSDP Leg 64 drill sites in the Gulf of California have revealed information both on early diagenetic processes in the sediments resulting from the breakdown of organic matter and on hydrothermal interactions between sediments and hot doleritic sill intrusions into the sediments.
INTRODUCTION
Drilling by Glomar Challenger in the Gulf of California ( Fig. 1) presented a unique opportunity to study in detail the geochemical processes affecting sediments and interstitial waters in an area of rapid sediment accumulation, relatively high heat flow, and ocean floor genesis. Because of the nearness of the Gulf to terrigenous sediment sources as well as the high productivity in the surface waters, sedimentation rates are high throughout (van Andel and Shor, 1964) . In sediments of this nature, diagenetic processes involving the bacterial decomposition of organic carbon generally leave characteristic imprints on the chemical composition of the interstitial waters (Berner, 1980; Gieskes, , 1981 . Elevated heat flow, characteristic of extensional basins, can be expected to affect the diagenetic processes occurring in the sediments, in particular the diagenesis of biogenic silica to more stable silica phases (Kastner et al., 1977) . Finally, drilling on or near the observed high heat flow anomalies found in the Guaymas Basin would provide an opportunity to test theories of hydrothermal circulation associated with basaltic magma generation in an extensional basin characterized by very high rates of sediment accumulation (Moore, 1973; Williams et al., 1979; Einsele et al., 1980) .
In this paper we present the results of the study of the chemical composition of the interstitial waters and of sediments obtained during Leg 64. Interpretations are necessarily preliminary in nature, but the data will be used to delineate some general, observable trends that will help in understanding the geochemical processes affecting sediments in the Gulf of California.
METHODS

Interstitial Waters
In these studies interstitial waters were obtained by routine shipboard squeezing of sediment samples (Manheim and Sayles, 1974) , usually effected within a very short time after retrieval of the cores. No special attention was given to temperature-of-squeezing effects (Sayles et al., 1973; Gieskes, 1973 Gieskes, , 1974 Sayles and Manheim, 1975) , though such effects may be of importance in sediments such as those obtained at Site 477, where temperatures at the bottom of the hole may exceed 200°C in situ. Samples obtained at this site, particularly in the deeper sections, have suffered to greater or lesser extents from seawater contamination, which would again have complicated attempts to simulate in situ conditions (200°C, 200-250 atmospheres of pressure) . In order to correct for this contamination we have assumed that magnesium would be absent from the pore waters below 150 meters sub-bottom depth.
In order to check on the validity of the routine interstitial water program, in situ samples (Barnes et al., 1979) were taken at Site 477 (one sample), Site 479 (three samples), and Site 481 (one sample). These data will be compared with shipboard samples in the discussion of observations at each drill site.
The shipboard program included pH, alkalinity, salinity, chloride, calcium, magnesium, silica, phosphate, and ammonia (J.M.G.). All subsequent analyses were carried out in our shore laboratories.
Methods are documented in Table 1 . For rubidium a new method was developed; it is described in the Appendix to this chapter.
Bulk Sediments
For the chemical analysis of the bulk sediments we utilized wet chemical methods similar to those described by Donnelly and Wallace (1976) . Sediment standards were those prepared by E. R. Sholkovitz, which were then standardized against U.S.G.S. standard rocks. In addition we analyzed U.S.G.S. Standard AGV-1 as an unknown. Generally, quantities of 20 mg or less of ground-up material were used in these analyses. Though weighing errors, particularly when smaller quantities of material are involved, may not be trivial, atomic ratios of the elements with aluminum as the referent will be little affected. A comparison of the atomic ratios for AGV-1 (Table 5) indicates that with the exception of Mg/Al a good agreement is generally obtained with the reported values of Flanagan (1972) .
For the determination of manganese and lithium and the solid 87 Sr/ 86 Sr ratio, we digested 0.5 g samples in hydrogen fluoride in Teflon bombs using a modification of the method of Shapiro and Brannock (1962) . Determinations were carried out by atomic absorption 
DISCUSSION
In our discussion, we will first address the observations made at each site and will follow with a more general discussion of particular problems.
Since sedimentation rates are of great importance in all these discussions, a generalized sedimentation rate diagram is presented in Figure 2 . Quaternary sedimentation rates at this site have been very high (>260 m/m.y.) and thus it is not surprising that sulfate reduction is completed below 10 meters depth into the sediments. Below this depth methane production is common (Simoneit, this volume, Pt. 2). Associated with these processes of bacterial degeneration of organic matter are large increases in alkalinity, ammonia, and dissolved phosphate. As a result of the large increase in dissolved ammonia, significant ion exchange occurs with the clay minerals of the sediments, leading to maxima in dissolved magnesium at about 90 meters. Slight increases in dissolved rubidium and potassium and in strontium are also related to these ion exchange processes. Similar maxima have been observed previously at Site 262 in the Timor Trough (Cook, 1974) and at Site 440 in the Japan Trench (Moore and Gieskes, 1980) .
Dissolved silica values show a gradual increase with depth in the upper 270 meters of sediments. Below this point a sharp decrease in dissolved silica coincides with a lithologic change in the sediments that results from the reconstitution of biogenic opal-A to opal-CT in the form of silicified claystones. This break in lithology is comparable to that associated with the silicification front discussed by Kastner and Gieskes (1976) for Site 323 in the Bellingshausen Abyssal Plain. Important to note here are the dissolved calcium, magnesium, and potassium profiles, which are again similar to those observed at Site 323. Kastner and Gieskes (1976) showed that in the latter site the silicification reactions were associated with the alteration of Plagioclase (source of Ca) and the formation of smectites (sink for Mg) and of K-feldspar (sink for K). We suggest that similar reactions also occur at Site 474. A possible volcanic source for Ca is indicated by the parallel decrease in the 87 Sr/ 86 Sr ratio in dissolved strontium to values well below those of contemporaneous sea water (Hawkesworth and Elderfield, 1978) . In addition, a minimum occurs in δ 18 θ (Fig. 16 ), indicating involvement of volcanic matter alteration (Gieskes and Lawrence, in press) .
Dissolved lithium appears unaffected by the ion exchange processes that have just been noted for other cations. A rather major source of lithium is located below 270 meters in the zone of silicification. Lithium concentrations in the solid phases (Fig. 4) suggest higher values below 300 meters. If a substantial portion of this lithium is associated with biogenic silica, the reconstitution of opal-A may cause this lithium to be released to the interstitial waters. At lithium concentrations of 45-68 ppm in the solids, less than 5% release would be able to account for the dissolved lithium increases. Below 400 meters, dissolved lithium shows a large drop that may be associated with uptake reactions in clay minerals during alteration of basalts. Dolerite sills occur in this site, often showing wide, vertical, calcite veins, especially in the upper sills. We decided to carry out oxygen and carbon isotopic studies on these carbonates (M. Kastner, pers. comm.) ; the results are presented in Table 9 . The data imply "normal" values for the calcites recovered in Sections 474A-42-5 and 474A-44-5-that is, they were formed at relatively low temperatures and with carbonate ions with oceanic δ 13 C values. However, the carbonate veins recovered in Sections 474A-40-2 and 474A-41-5 indicate formation at slightly higher temperatures, with carbon dioxide derived from the decomposition of organic matter. This can be understood in terms of alteration reactions occurring after burial underneath a sediment in which sulfate reduction has led to the production of isotopically light (δ 13 C) carbon dioxide. Temperatures of formation are lower than presently prevailing temperatures, indicating, presumably, that the calcite veins formed after the cooling of the sill intrusions and the subsequent fracturing. Pore waters containing biogenically produced bicarbonate must then have penetrated these veins and caused the alteration of the basalts, which provided calcium for carbonate precipitation. Typically the interstitial waters below the sills are enriched in dissolved calcium and depleted in magnesium as a result of continuing basalt alteration processes.
The chemical composition of the sediments (Fig. 4 ) shows little systematic changes with depth, so that reactions involving the uptake of magnesium and potassium in these sediments do not appear to be of major importance to that composition. Of course, at sedimentation rates of 260 m/m.y. the sediment becomes isolated from the overlying ocean below 40-50 meters sub-bottom , so that a significant influx of potassium and magnesium from the ocean cannot be expected.
Site 475 (Fig. 5)
At this site sedimentation rates have averaged -40 m/m.y. (Fig. 2) . Because of these high accumulation rates and the relatively high organic carbon contents (1-2%, Simoneit, this volume, Pt. 2), sulfate reduction occurs at this site. A minimum in sulfate is observed at about 100 meters and appears to be the result of increased sulfate reduction in the upper sediment column. Similar minima in dissolved sulfate have been observed at several other sites, for instance, Sites 241, 242 (Gieskes, 1974), and 336 . The decreases in dissolved sulfate are accompanied by the usually observed increases in alkalinity, ammonia, and phosphate, and by a minimum in calcium. Decreases in dissolved magnesium are only minor, and dissolved potassium appears to have a sink in the deeper sections of the site. Dissolved lithium clearly has a source in the sediments, probably in the siliceous materials of the site. Dissolved silica shows a gradual increase with depth, which is probably a result of increased solubilities of opaline silica as a result of the higher temperatures with depth (heat flow = 4 HFU). 
U2
Site 476 (Fig. 6) At this site sedimentation rates have averaged -42 m/m.y. (Fig. 2) , rates similar to those observed at Site 475.
Again a distinct minimum in dissolved sulfate is observed in the upper sediment column, with almost complete depletion of sulfate at about 50 meters (<2mM). At the bottom of the sediment column, just above the unit containing metamorphic cobbles and illitic clays, dissolved sulfate concentrations are equal to normal sea-water concentrations. This poses an interesting problem: It is almost certain that even in the lower sediment section, below 66 meters sub-bottom, sulfate reduction processes have been operative. If this is so, it is difficult to understand why dissolved sulfate values at the bottom of the sediment section would be like those in sea water. There is little doubt that the sulfate minimum is induced by the relative increase in importance of sulfate reduction in the upper sediment column. However, the concentrations at the bottom of the sediment column do suggest that perhaps sea water penetrates advectively through the cobble zone, which may outcrop at the edges of the sediment terrace. If the latter is indeed the case, of course, the penetrating sea water must have interacted with the sediments or cobbles to cause a slight increase in dissolved calcium, a decrease in magnesium, and a decrease in the 87 Sr/ 86 Sr ratio of the dissolved strontium. This, of course, could also explain the sulfate minimum at Site 475. Though the possibility of seawater penetration is intriguing, we cannot actually prove it. However, a similar penetration of sea water through Site 477 is located very close to the heat flow anomaly first detected by Lawver et al. (1975) . A temperature measurement at 48 meters sub-bottom indicates a temperature of 45 °C, for a temperature gradient of -88 °C/ 100 m. The configuration of the heat probe used at that time would probably lead to an underestimate of the temperature, so that temperatures at the bottom of the hole must have exceeded 200°C. A major phenomenon at this site is the occurrence of sills in an apparently cooled-off state in Holes 477 (58-105.5 m) and 477A (32.5-62.5 m). The sills must be relatively old, probably 20,000 years or more, to have cooled off so completely (Vacquier, this volume, Pt. 2). With sedimentation rates estimated to be as high as 2000 m/ m.y., the sediment thickness at the time of intrusion of the sills was probably 25 meters or less in this site. The heat source leading to the observed high heat flow must be located deeper in the site, as is also clear from the continuous increase in temperature with depth observed during the logging of this hole.
Interstitial water concentration profiles show great complexity at this site (Fig. 7) . The upper 30 meters, which probably have been deposited after the cooling of the upper sills, indicate concentration changes typically observed in rapidly accumulating sediments with high organic carbon contents. A sharp increase in alkalinity is accompanied by a rapid lowering of dissolved sulfate, increases in ammonia and phosphate, a decrease in dissolved calcium, and finally a reversal in magnesium concentrations, observations similar to those made at Site 474.
Below 30 meters toward the sill in Hole 477 as well as just below the sill, the influence of the doleritic sill intrusion is clearly observable in the interstitial water concentrations. Alkalinity and dissolved ammonia values rapidly decrease and dissolved silica, at least directly below the sill, also appears strongly affected. Dissolved sulfate and dissolved magnesium appear especially influenced by the sill intrusion, with the dissolved sulfate concentrations being relatively high both above and below the sill. The latter increase is also accompanied by high magnesium concentrations. These observations can be explained in two ways: (1) relatively unaltered sea water has been trapped in the sill and is diffusing into the surrounding sediments, or (2) sulfates, precipitated during the hydrothermal interaction between the penetrating dolerite sills and sea water/pore water, are presently dissolving, and the resultant sulfate ions will diffuse into the sediments. We consider the first possibility , and FeCθ3 was then calculated from the corrected ratios. It was assumed that all other constituents of the protodolomites were < 1%. The estimated errors were ± 3% of the CaCC>3 value, ±4% of the MgCθ3 value, and ± 10% of the FeCθ3 value. These estimated errors were obtained by taking a low and a high correction for Ca/Al, Mg/Al, and Fe/Al and calculating the spread for the corrected values of several samples containing high Al. rather improbable and prefer the second. Edmond et al. (1979) and Bischoff and Seyfried (1978) indicate that a magnesium-hydroxy sulfate forms rapidly during hydrothermal interaction between sea water and basalts, or by heating sea water itself. It is, therefore, possible that small quantities of this material (as well as gypsum and anhydrite) have formed during the penetration of the sills. Quantitatively these minerals may be unimportant but would nevertheless leave an imprint on the pore fluids. No magnesium-hydroxy sulfate has been detected (M. Kastner, pers. comm.) , but the dissolution of such material would explain the observed magnesium and sulfate anomalies most satisfactorily. No precise stoichiometry would be expected because of the different reactivities of sulfate and magnesium in the basalt-pöre-water-sediment system. Indeed the dolerite sill appears to serve as a sink for ammonia, potassium, and perhaps magnesium as a result of relatively cold temperature alteration reactions.
Below 140 meters the influence of hydrothermal reactions taking place in the sediments and underlying basalts(?) leaves a clear imprint on the interstitial waters. Typically sulfate becomes depleted and magnesium disappears quantitatively from the interstitial waters. Increases in dissolved calcium, lithium, potassium, rubidium, and ammonia are evident, much in accord with observations made on hydrothermal fluids emanating from ridge crests (e.g., Edmond et al., 1979) . A quanti- tative comparison, however, is not possible because our samples were obtained under conditions different from those prevailing in situ. The concentrations for K + , Li + , Rb + and NH 4 + may be underestimates, especially in view of the well-known temperature-of-squeezing effects (Sayles and Manheim, 1975) . Among these effects, that on K + is probably the best documented: an increase in K + concentrations of 15-20% has been estimated for a 20 °C rise in temperature (4-24 °C). This temperature effect appears confirmed from our only in situ sample, which indicates an effect of 30% for a 40 °C temperature change (Table 2 ). This implies that K + concentrations in situ may be as high as 125 mM in the deeper parts of this site. Clearly it is unfortunate that no in situ samples could be obtained in these deeper parts. In addition since sample sizes were small and sea-water contamination always present, a meaningful temperatureof-squeezing program would have been very difficult to perform. Thus, though our observations are necessarily qualitative, there is little doubt that large increases in the concentrations of the alkali metals result from hydrothermal interactions between sediments or basalts. These changes are larger than those estimated by Edmond et al. (1979) , but, of course, the parent sediments in the Guaymas Basin are much more enriched in Li + , K + , and Rb + than are ridge crest basalts. This, for example, is clear from the data in Tables 4-6 . Indeed, the concentrations of K + in the solids (Table 4 , Fig. 9 ) show that the K 2 O is almost quantitatively removed from the sediments in Hole 477A.
The increase in dissolved chloride is about 15%; it indicates a substantial removal of water, presumably as water of hydration, during the formation of hydrothermal minerals. Of importance in this site are the results of the studies of the oxygen and strontium isotopes of the waters and dissolved strontium. The δ 18 θ of the interstitial waters below the sill increases to values as high as + 1.37% O (M. Kastner, pers. cornm.) . The values of δ 18 θ of the bulk solid silicates show a gradual decrease (Kastner, this volume, Pt. 2) , testifying to the importance of hydrothermal alteration of the sediments in this site. The data obtained for the 87 Sr/ 86 Sr ratio in the interstitial waters, as well as for some selected solids, are presented in Figure  8 . Though (Lupton, 1979) . Furthermore the 87 Sr/ 86 Sr results are similar to those found by Albarede et al. (1980) in hydrothermal waters of the East Pacific Rise at 21 °N as well as geothermal sea-water systems in Iceland, where Sr-isotope exchange has led to very low values in the circulating sea water (Elderfield and Greaves, pers. comm.). Of some interest here is the dissolved strontium profile, which shows a maximum at about 140 meters depth. This may indicate that strontium is removed from the pore fluids in the deeper parts of the site. Humphris and Thompson (1978) also describe strontium enrichments in epidotes, indicative of basalt-sea-water alteration at low water/rock ratios (Menzies and Seyfried, 1979) . If this is indeed the case, a basaltic contribution to the dissolved 87 Sr/ 86 Sr profiles seems evident, and our data may be part of a general phenomenon.
The analysis of the bulk chemical composition of the solid phases (Tables 4 and 6 
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Si/Al, and Fe/Al appear little affected. The lack of increase in the Mg/Al ratio is probably the result of complete removal of Mg ++ from the pore fluids prior to reaching the zones of alteration in this site. Only those elements that are efficiently removed during hydrothermal interaction-K + and Li + -would show depletions in the solids; here this is clearly the case, especially for K+.
Site 478 (Fig. 10) Interstitial water profiles obtained in this site show great complexity. Concentration-depth profiles of alkalinity, sulfate, ammonia, phosphate, and calcium all show breaks at about 60 meters sub-bottom depth. Ammonia production between 60-170 meters again appears to induce a maximum in dissolved magnesium and perhaps in potassium. All these data imply non-steady-state conditions at this site, with biogenic activity involving the degradation of organic matter being more important below than above 60 meters. WhetheF this situation is a result of differential sedimentation rates, of different reactivities of organic carbon, of the deposition of large sections of turbidites with lesser bacterial activity, or of a combination of these factors cannot be determined at this stage. It is clear, however, that as a result of the very high accumulation rates concentration changes occur in the interstitial waters that reflect non-steady-state conditions. Within 20 meters above and below the limestonechert-dolerite complex between 190-230 meters, the influence of this complex is noticeable in the pore fluids. For instance, a rapid change occurs in dissolved magnesium, potassium, strontium (below sill), and lithium. This appears to be related mostly to the sill intrusions, which must have had an influence on the surrounding sediments during the penetration at high temperatures and subsequently may have undergone low-temperature alteration reactions. The latter would lead to the uptake of magnesium (though magnesium may also be consumed during dolomitization of the limestones) and potassium. Below the sills the 87 Sr/ 86 Sr ratio of dissolved strontium is significantly lower than above the sills. Dissolved lithium shows a more complex distribution, especially below the sill complex. Below the sills there occurs a maximum in Li + which may be explained best in terms of a decaying dissolved-lithium profile: during the high-temperature stage dissolved lithium values may have been very high, but since that period uptake reactions during low-temperature alteration of the sills and diffusion into the overlying and underlying sediments have led to the gradual disappearance of the very high lithium concentrations. Measurements of the 18 O/ 16 O composition of interstitial waters obtained below the sill indicate values that may be slightly higher in δ 18 θ than sea water is (M. Kastner, pers. comm.) .
A clear minimum in dissolved chloride occurs at about 80 meters sub-bottom. Below this minimum the chlorinities increase to slightly higher than present-day bottom water values (19.3% chlorinity). The occurrence of the chlorinity minimum will be discussed for Site 479, where a more pronounced minimum has been observed. (-600 m/m.y.), which implies that below about 15 meters sub-bottom the sediment acts as a closed system . Sulfate reduction is essentially complete below 10 meters, that is, constant sulfate concentrations of 3 mM ± 1 are reached. It is not certain why nonzero sulfate values are obtained, but sea-water contamination ( 10%) cannot be ruled out completely in these disturbed, gaseous sediments. Generally methane production occurs only when sulfate reduction processes are completed. However, it is possible that these processes will occur when sulfate reduction processes have ceased, even at nonzero sulfate concentrations. Below 10 meters depth the production of methane and higher hydrocarbons become increasingly important (Simoneit, this volume, Pt. 2). Alkalinity values reach levels higher than 80 meq/1 and dissolved ammonia values increase gradually to reach concentrations as high as 26 mM at 250 meters depth. Again, as at all other Leg 64 sites, dissolved phosphate rapidly increases below the sediment surface, with a maximum occurring at about 25 meters depth. As a result of the production of ammonia by the decomposition of organic carbon, a subsurface maximum in dissolved magnesium again occurs. The rapid decrease in Mg ++ below 50 meters is probably related to the formation of dolomite in these sediments. The first well-defined layer of dolomite occurs at about 88.5 meters. Dissolved calcium typically shows a minimum as a result of carbonate precipitation reactions, but only in the deeper sections are concentrations slightly above that of sea water observed. Agreement between dissolved calcium data obtained from routine squeezing techniques and by means of the in situ samples is excellent, as is the agreement for dissolved magnesium, indicating the essential validity of the shipboard squeezing procedure.
Dissolved strontium concentrations increase rapidly with depth, which may in part be due to ion exchange processes as well as to carbonate recrystallization processes. The carbonate contents in the sediments, however, are generally very low (Simoneit, this volume, Pt. 2). The data on the strontium isotope composition indicate little or no contribution of volcanic material.
Data on dissolved lithium indicate a very rapid increase to very high concentrations, with the in situ concentrations being slightly less than the concentrations obtained from routine samples. This phenomenon clearly shows that high lithium concentrations are not necessarily caused by hydrothermal reactions alone. The source of lithium is most likely located in the siliceous phases (opal-A, diatoms), which can contain substantial amounts of lithium (B. Fenical, pers. comm.) . Dissolved silica concentrations in interstitial water appear close to saturation with respect to opaline silica, but it is difficult to estimate how much opal dissolution and subsequent removal of silica to other mineral phases has occurred. Further work on the lithium concentrations in the solid phases is planned to assess this problem.
Again dissolved chloride indicates a distinct minimum at 125 meters, more pronounced than at Sites 478 and 481. We do not think the minima can be related to the occurrence of aquifers in these sediments, particularly not at Site 481. It is doubtful that the increases in chloride are due to dilution effects resulting from organic carbon decomposition. Organic carbon contents throughout the site vary between 2 and 4% C, and we estimate that only a relatively small part of this organic carbon is decomposed in the upper 200 meters. Simple mass balance calculations then indicate that the observed dilution effect is difficult to understand in terms of organic matter diagenesis. We are left with the speculation that the minima represent a paleosalinity signal, recording an event of substantially reduced salinities in the Gulf of California. Careful work on the distribution of 18 O/ 16 O and D/H isotopes of the interstitial waters may elucidate this problem. The idea that the minimum represents a paleosalinity signal is reinforced by the more pronounced minimum occurring at the shallowest site (Site 479). Unfortunately, at this stage no precise age is available for the minimum at these sites, and such information is necessary to determine whether such a postulated event occurred simultaneously at both.
The data on the bulk sediment composition (Fig. 12 ) indicate a distinct change in the regime of sedimentation at Site 479, with the sediments between 0 and 150 meters showing much higher ratios of Ti/Al and Fe/Al, similar to the ratios observed in the Guaymas Basin. If the accumulation rates are calculated from diatom data (option 479 [b] in Fig. 2 ), a break in the sedimentation pattern is indeed observed at -150 meters depth. Thus a large change in the sedimentation pattern has occurred at about the same level that the chloride minimum is recorded. At this stage we cannot state whether there is causal relation between these observations. In Table 8 the atomic elemental ratios of a series of special samples taken from the dolomite layers of Site 479 are presented. In these samples, Ti/Al, K/Al, and Si/Al ratios are generally lower than in the remainder of the sediments (cf. Table 5 and Fig. 12 ). This may indicate slight changes in the mineralogy of associated clay minerals or that in addition to the formation of protodolomites diagenetic changes in the aluminosilicates have also occurred. We have made an attempt to estimate the composition of the dolomites from the elemental ratios in Table 8 as follows: First, the "average noncarbonate" Fe/Al, Mg/Al, and Ca/Al ratios are determined from the data in Tables 5 and 6 at low Ca/Al ratios; second, these ratios are subtracted from the elemental ratios in Table 8 , and these corrected ratios are then considered to be the result of the protodolomites. This procedure then results in the computation of the carbonate composition given in Site 481 was drilled in the Northern Trough of the Guaymas Basin. Again the sediments are characterized by rapidly accumulated, siliceous, terrigenous sediments with several megaturbidite deposits at 50 meters and 100 meters depth. At 170-195 meters sub-bottom a series of sill intrusions occurs.
The interstitial water data in the upper 150 meters show a clear non-steady-state distribution with minima in alkalinity, ammonia, and phosphate occurring around 45-50 meters. These minima may be related to reduced biogenic activity in the zones of megaturbidites. Values of alkalinity in the upper section are among the highest recorded hitherto in DSDP cores (cf. Cook, 1974; Moore and Gieskes, 1980) . Again the production of ammonia has led to the occurrence of one or two maxima in dissolved magnesium, with possible maxima in strontium, potassium, and rubidium.
Below 125 meters the influence of the dolomitedoleritic sill complex becomes most evident. A sharp rise in dissolved strontium occurs just above and below the sill complex. In addition, sharp decreases in the 87 Sr/ 86 Sr ratio are observed. The increases in dissolved chloride and rubidium also testify for the influence of hydrothermal processes on the surrounding sediments. A study of the carbon and oxygen isotopic composition of carbonates above the sill indicate that temperatures as high as 170°C may have occurred just above the sill (Kastner, this volume, Pt. 2) . During the period that such elevated temperatures occurred the sediment and basalts underwent hydrothermal alteration, as is also evident from the low opaline silica contents (low dissolved silica) and the recrystallization of clay minerals (Kastner, this volume, Pt. 2) . The temperatures prevailing must have been elevated enough to cause increases in both dissolved lithium and rubidium. Decreases both in dissolved lithium and potassium toward the sill imply uptake into the sill during subsequent low-temperature alteration reactions. The distribution of δ 18 θ in the interstitial waters shows high values below the sill complex (Fig. 15) . These elevated values must be the result of hydrothermal alteration of the sills and/or the sediments surrounding the sills (M. Kastner, pers. comm.) . The data do not allow us to speculate on a possible decrease in δ 18 θ near the sill; this would be expected from lowtemperature alteration reactions.
GENERAL DISCUSSION
Early Diagenetic Processes
In all of the sites drilled in the Gulf of California, sediment accumulation rates and organic carbon contents are higher than found in more open ocean environments. For these reasons the bacterial processes of sulfate reduction and of methane formation, which generally occur after cessation of the sulfate reduction processes, are of great importance. Only at Sites 475 and 476, which are characterized by much slower accumulation rates, does the sulfate reduction process never cease, and typically no significant production of methane is observed. Chemical changes caused in the interstitial waters by these processes of bacterial degradation of organic matter will be considered as "early diagenetic" in accord with similar changes observed in much shorter cores in the near-shore environment.
Both the sulfate reduction processes and the methane fermentation processes produce large increases in the bicarbonate (alkalinity) concentrations as well as large amounts of ammonium ions. In the upper 50 meters or less of the sediment column, large increases in dissolved phosphate also occur, but these concentrations dissipate rapidly with depth, presumably as a result of precipitation as phosphates. The amounts of phosphates produced are probably small (organic carbon contents are only 5% or less) and, therefore, these phosphates will be difficult to detect. As a result of the very high values of alkalinity, carbonate precipitation processes in the form of calcite and perhaps of dolomite (Site 479) can explain the lower values of dissolved calcium and magnesium at greater depths. We do not intend here to expand on stoichiometric calculations of organic matter diagenesis, but we do wish to stress the large-scale production of dissolved ammonia in these sediments. Previous workers (e.g., Rosenfeld, 1979) have shown that ammonia produced in sediments with high organic carbon contents will affect the concentrations of both exchangeable and nonexchangeable ammonia in the solid phase. In very recent sediments the exchangeable ammonia concentrations are especially affected (Rosenfeld, 1979) , but in older sediments the nonexchangeable ammonia concentrations may change appreciably (Stevenson and Tilo, 1970) . These sediments, especially at Site 479, may lend themselves particularly well to the study of exchangeable versus nonexchangeable ammonia, but such studies have not yet been carried out. Walton (1949) gives the following orders for the absorption of monovalent and divalent cations on cation exchangers: Cs + > Rb+ > K+ > NH 4 + > Na + > Li + and Ba ++ > Sr++ > Ca ++ > Mg + + . Typically, in seawater-equilibrated clay mixtures (80% illite, 20% montmorillonite), the exchange complements found for major constituents are 0.52 Na, 0.28 Mg, 0.11 Ca, and 0.10 K (Sayles and Mangelsdorf, 1977) . These complements will change with interstitial water composition and certainly when NH 4 + ions are introduced in large amounts. Unfortunately, no information is available on the exchange complements of Li + , Rb + , and Sr + + . Though these ions are only minor constituents of sea water, exchange reactions may still be important. Thus, introduction of relatively large quantities of dissolved ammonia (> 10 mM in Leg 64 sites) is likely to result in ion exchange reactions with the solid phases. Until Leg 64 only two sites have ever shown reversals in the concentrations of dissolved constituents in their concentrationdepth profiles: Site 262 (Timor Trough; Cook, 1974) (Fig. 3) . No apparent ion exchange effect on dissolved lithium has been observed, suggesting a relatively small exchange complement of this ion on the clays.
Why do only relatively few sites show these maxima in cations? At DSDP sites characterized by sedimentation rates of >200 m/m.y., the sediment column becomes essentially a closed system at sub-bottom depths of less than 45 meters . Such sediments are often characterized by high organic carbon contents with associated high rates of chemical decomposition reactions involving organic matter. When such reaction rates are relatively high, diffusion processes cannot smooth out any concentration gradients caused in the interstitial waters by such reactions (Lasaga and Holland, 1976 ). This, therefore, appears to be the case at the sites at which these concentration reversals in cations have been observed. The maxima occur in the upper part of the methane production zone, where concentrations and rates of production of dissolved ammonia are very high. In the Leg 64 sediments the observed maxima occur below depths of 20 meters. In principle, these concentration reversals should also be observable in near-shore sediments with very high accumulation rates, within the normal "piston coring range" at depths of less than 20 meters. Of some interest is the occurrence of a salinity maximum, mostly caused by the high alkalinity (HCO 3 ) values, in the zone of the observed concentration reversals. Below this salinity maximum, salinities decrease rapidly to values typical of interstitial waters depleted in sulfate and alkalinity (Gieskes, 1974) .
Hydrothermal Alteration of Sediments and/or Basalts
The drilling of Sites 477, 478, and 481 in the Guaymas Basin afforded a unique opportunity to study the effects of doleritic sill intrusions on hydrothermal processes in the sediments of the Guaymas Basin (Einsele et al., 1980) . Site 477 in the Southern Trough represents a system in which hydrothermal activity is presently occurring in the sediment column below the dolerite sill intrusions between 30 and 100 meters sub-bottom. The heat source must be located below the cored section. Site 478, located near the transform fault connecting the Southern Trough and the Northern Trough, does show the presence of sills, but these intrusions are presumably old; because of the location of the site no new intrusions are to be expected there. Site 481 is situated in the Northern Trough, but at some distance from the heat flow anomaly described by Williams et al. (1979) . At this site the interstitial water data (Fig. 13) clearly indicate that the uppermost sill complex represents the most recent intrusion.
Work on the hydrothermal alteration occurring during high-temperature interaction between basalts and sea water (Bischoff and Dickson, 1975; Bischoff and Seyfried, 1978; Hajash, 1975; Mottl and Holland, 1978; Seyfried and Bischoff, 1979; Edmond et al., 1979) has indicated that, at temperatures above 200°C, magnesium and sulfate are generally removed quantitatively from sea water, whereas elements such as Li + , K + , Ca ++ are released. Evidence from altered basalts (Humphris and Thompson, 1978) indicates that some of these elements, for example Li+ and particularly Sr + + , are precipitated in hydrothermal phases, such as epidote. At lower temperatures some of these trends reverse. For instance, Seyfried and Bischoff (1978) showed that between 75° and 150°C a reversal occurs for dissolved potassium, which at lower temperatures is removed from sea water. J. L. Bischoff and W. Seyfried kindly made available some samples from their hydrothermal experiments, and we carried out analyses for dissolved lithium and rubidium (Table 11 ). These data suggest that at temperatures between 150° and 200 °C a reversal occurs for lithium-that is, at lower temperatures uptake of lithium occurs into the basalts. The data for rubidium suggest release of Rb + to sea water even at temperatures as low as 150°C. The quenched samples suggest rapid uptake of Rb + upon cooling. Finally, at low temperatures, reaction rates are so slow that no significant change in Li + or Rb + occurs even after 27 months. Water /rock ratios in sediments are generally much lower than in experimental systems, and thus much larger changes occur in the concentration of Sites 477-481 and in oceanic hot springs (Edmond et al., 1979; Menzies and Sey fried, 1979) .
The interstitial water chemistry in the Guaymas Basin sites is in qualitative agreement with these observations. At Site 477, where temperatures in excess of 200°C occur at the bottom of the site, enrichments are typically observed in Li + , K + , Rb + , Ca + + , and Sr + + . As discussed later, these concentration changes are different from those observed in the Galapagos hot springs (Edmond et al., 1979) , not only because of different waterrock ratios but also because concentrations of Li, K, and Rb are much higher in sediments than in basalts. At Site 481, where the sills presently have temperatures between 30 and 35°C, uptake of K + and Li+ occurs in the dolerite, as is indicated by the interstitial water profiles. However, evidence from recrystallized calcites (M. Kastner, pers. comm.) indicates that temperatures higher than 167°C must have prevailed in the sediments during the period that the sill intrusions occurred. These processes would have caused increases in Li + , Rb + , and K + in the interstitial waters surrounding the sills. After the sills cooled, however, reversals in these concentrations would occur as a result of "retrograde" reactions. Thus the anomalies caused by the high-temperature interactions between basalts-sediment-pore waters are in a state of decay at this site. At Site 478 the only profile that still shows the hydrothermal signal is the Li+ concentration profile. In addition to these alkali cations, the hydrothermal interaction is also noticeable in the dissolved chloride and the 18 Figure 16 , in which the data for Site 479 serve as reference values.
That the interstitial waters also record a signal caused by hydrothermal interactions with basalts is confirmed by the finding of an excess 3 He/ 4 He ratio in a gas sample collected from Site 477, at 144 meters sub-bottom depth.
